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Abstract: 
The study area has a total surface area of about 19,288km2  which is 
bounded by longitudes 42° 18' 28.36'' E to 45° 20' 10.50''E and latitudes 7° 
04' 28.54'' N to 9° 35' 36.93''N.  in the Somali Regional State of 
Ethiopia south eastern of Ethiopia.  
The main objective of the research is to evaluate the hydro geological 
setting of the study area and assess the suitability of groundwater for 
irrigation and drinking purposes. To achieve these goals, the combined 
methodology included Field work using Compass, Hammer, Lens and 
Camera, Office work Aquachem-4, GIS and 
Aquitests and Lab analysis of water samples were carried out. Data of 
seventy seven water points in the study area 47 boreholes and 30 hand dug 
wells were collected and analyzed. 
 The main Lithological units of the study area from the base to the top are 
the Precambrian basement, the Mesozoic sediments, the Tertiary volcanic 
rocks and the Quaternary alluvial deposits. The major aquifers of study area 
are located in the Quaternary alluvial deposits, the Mesozoic Adigrat 
sandstone and the Hamanlei limestone, but minor aquifers occur in the 
Basement complex rocks and the Volcanic rocks. The average 
transimissivity of the alluvial deposits is relatively high (1290 /day) and 
the average transimissivity of the Adigrat sandstone is moderate 
(159 /d), whereas the Hamanlei limestone and Basement aquifers have 
successively low average transimissivity of (6.36/ /d) and (13.7 /d). 
The average hydraulic conductivity of the Alluvial deposits and Adigrat 
sandstone have  moderate values of 1.77  and 2.13  but 
the Hamanlei limestone has a very low hydraulic conductivity of 0.028 m/d. 
The average well yield  of the Alluvial deposits has relatively high value of 
20l/s (72 /h), but the Adigrat sandstone and the Hamanlei limestone 
have successively moderate values  of 15l/s (54/ h) and 5.4 l/s (19 /h). 
The Basement aquifer has low well yield value of 1 l/s (4 /h). The total 
annual groundwater recharge from the study area is about 61.2 MCM. The 
total artificial discharge from boreholes and dug wells in the study area is 
V  
about 37.9 MCM which is less than the average annual recharge. This 
indicates a surplus of groundwater which can be used from the aquifer 
systems in the future. 
There are five major water types; Ca-HO  (Alluvial deposits, relatively 
deep aquifer and Basement aquifer are the same water type), Na-Cl 
(Adigrat sandstone aquifer) Ca-S  (Hamanlei limestone aquifer), Ca-Cl 
(Basalt aquifer) and Na-   (Alluvial deposits aquifer for hand dug wells), 
there are also three minor water types; Ca- S  (Alluvial deposits, relatively 
deep aquifer and shallow aquifer for hand dug wells are the same water 
type) and Na- S  (Adigrat sandstone aquifer), Ca-Cl (Basement aquifer).  
The pH values of water 6.6-8.3 are within the standard limits. The TDS value 
of the Hamanlei Limestone is above permissible limit due to the high 
solubility of salts in the marine Sediments. Different chemical processes 
occurred during groundwater flow, such Dissolution of salts which is the 
most dominant and reverse ion-exchange reactions in which Sodium 
replaced Calcium and Magnesium and limited Silicate weathering 
(Hydrolysis) and Evaporation processes. The water quality in the study area 
indicates that it is suitable for drinking purpose. However, there are also 
exceptions which are related to pollution. The most suitable groundwater 
for irrigation purposes is from the aquifer of the Quaternary alluvial 
deposits. 
 
 
 
 
 
 
 
VI 
19,288
VII 
 
 
 
VIII  
 
 
Table of contents  
 I 
II Acknowledgement .III Abstract ...................IV   VI List of Tables XIII List of Figures and Plate .XVI List of Appendices XXII Acronyms..................................................................................................XXIII  XXIV  CHAPTER 1:  
INTRODUCTION 1 1.1. General..............................................................................................1 1.2. 2 1.3. 3 1.3.1. General objectives...............................................................................3 1.3.2. 3 1.4. Significance of the Study .................................................................4 CHAPTER 2: METHODS AND MATERIALS 2.1 .      Methods .......................................................................................5 2.1.1.          Field work, Da ..5 2.1.2.         Lab Analysis of selected samples  2.1.3.         Of .6 2.1.4.         Materials .7 2.1.5          Literature Revie  
2.2. Materials 11 
2.2.1. General ..........11 
2.2.1.1. Location and Accessi 11 
IX  
2.2.1.2 Topography and 13 
2.2.1.3 Land Use/ Land Cover 16 
2.2.1.4. Soil and Vegetation Cover 17 
2.2.1.4.1 Soils 23 
2.2.1.4.2 Vegetation 27 
2.2.1.5 28 
2.2.1.6  
2.2.1.6.1 Hydro 29 
2.2.1.6.1.2 ....................25 
2.2.1.6.1.3 Tempera 32 
2.2.1.6.1.4 29 
2.2.1.6.1.4.1   
2.2.1.6.1.4.2  Evapotranspi  
2.2.1.6.1.4.2.1 Estimation of  
2.2.1.6.1.4.2.1.1 Refe ..34 
2.2.1.6.1.4.2.1.2 37 
2.2.1.6.1.4.2.2  
CHAPTER 3: LITERATURE REVIEW 
3.1 Geology 41 
3.1.1 Regional geology 1 
 3.1.1.1 Stratigraphy of the 41 
3.1.1.1.1. 43 
3.1.1.1. 43 
3.1.1.1.3 Mesozoic 44 
 3.1.1.1.4 50 
  3.1.1.1.5 Upper Oligocene 52 
  3.2 Hydrogeology  
X  
 54 
3.2.2 55 
CHAPTER 4: RESULTS AND DISCUSSION  4.1 Geology of the study area 56 
4.1.1 Lithology and Stratigraphy  
4.1.1.1 Precambrian Basement Rocks  
4.1.1.2 Mesozoic Sedimentary Succession  
4.1.1.3 Neogene (Tertiary) Volcanic and the Sedimentary Rocks 71 
4.1.1.4 Superficial Deposits .......................................................................77 
4.1.2 Geologic structures setup of the study area  
4.1.2.1 General  
4.1.2.2 Precambrian Basement Structures  
4.1.2.3 Structures in the Mesozoic Sedimentary Rocks  
4.1.2.4 Structures of Neogene (Tertiary) Sedimentary and Volcanic 
Rocks.........................................................................................................85 
4.1.2.5 Marda Fault Zone and Other Major Structures ..87 
4.2 Hydrogeology  
4.2.1 Occurrence 89 
4.2.2 Well inventory data  
4.2.3      Aquifer Characterization systems  
4.2.3.1 Types of Aquifers in the study area ..96 
4.2.4 Hydrogeological Significance of the Structures  
4.3 Pumping test analysis 102 4.3.1  Hydraulic characteristics of the aquifers ..102 4.4 Groundwater Recharge and Discharge .......117 
XI  
4.4.1 Groundwater Recharge  4.4.1.1 Groundwater recharge estimation  
4.4.1.2 Groundwater Discharge 123  
4.4.1.3 Groundwater Flow system  
4.4.1.3.1 Description of the hydrogeological framework   
4.5 Hydrochemistry  
4.5.1 Groundwater sampling a 127 4.5.1.1 Chemical analysis Accuracy  4.5.2 Physical Paramet  4.5.2.1 Hydrogen-Ion Activi  4.5.2.2 Electrical conductiv  4.5.2.3 Total Dissolved Solids (TDS)  4.5.2.4 Hardness   4.5.3 Classification and Presentation of Laboratory Analyzed Parameters 4 4.5.3.1 Main Cations   4.5.3.1.1 Sodium ions (Na+)  4.5.3.1.2 Calcium ions ( )  4.5.3.1.3 Magnesium ions ( )  4.5.3.1.4 Potassium (K)   4.5.3.2 Main 147 4.5.3.2.1 Bicarbonate ions (HCO )  4.5.3.2.2 Sulfate ion (SO ) 148 4.5.3.2.3 Chloride (Cl-) ....149 4.5.3.2.4 Fluoride Ion ( )  4.5.3.2.5 Nitrate (NO3)  4.5.3.3 Graphical presentation of water   4.5.3.3.1 Piper Diagram and Schoeller  4.5.3.3.1.1 Piper diagram of wa  4.5.3.3.1.2 Schoeller diagram  
4.5.4 Geochemical evolution: implications to the source recharge       
mechanism, mixing and groundwater flow  
4.5.4.1 Rock-water interaction mechanism  
XII  
4.5.4.1.1 Ionic Ratios  
4.5.4.1.2 Graphical techniques or X-Y points  
4.5.5 Water Quality  
4.5.5.1 Water quality criteria for public use  4.5.5.2 Water quality criteria for Irrigation  4...5.5.2.1 Sodium adsorption Ratio  CHAPTER FIVE: 5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS  5.1 CONCLUSIONS 7 5.2 201 References 202                      
XIII  
  
LIST OF TABLES: Table 2.1 Physical characteristics of soil in .20 
Table 2.2: General Climatic Regions of Ethiopia (Daniel Gamachu, 1977)   
Table 2.3 Inventory of meteorological 25 
Table 2.4 Mean Monthly Rainfall at Gauging Stations in the study area 
(1990-201 26 
Table 2.5 Mean monthly maximum and minimum temperature (°C). 
28 
Table 2.6 Mean monthly Temperature (°C 28 
Table 2.7 comparison of Arithmetic and Thiessen methods  
Table 2.8 Calculation of Thiessen polygon of ..32 
Table 2.9 Mean monthly Evapotranspiration over the Fafen and Jarer 
groundwater a 34 
Table 2.10 Mean monthly maximum and minimum Evapotranspiration 
36 
Table 2.11 Annual PET calculated by Cropwat at Dagahbur station (mm) 
36 
Table 2.12 Annual PET calculated by Cropwat at at Jijiga station (mm) 
37 
Table 2.13 Comparison of Evapotranspiration and Rainfall 37 
Table 2.14 Mean annual PET calculated by Thornthwa  
Table 2.15 Average potential evapotranspiration value of the study Area from Thoren  
XIV  
 Table 3.1 Summary of Sedimentary Rock formations in SE Ethiopia (WWDSE 2012  Table 4.1 Summary of Local Geology in 56 Table 4.2 Summary of the major aquifer description in the study area (Gachet 2013)  Table 4.3 Inventory of 47 boreholes which are selected in the study 
area  
Table 4.4 Inventory of 30 hand dug wells which are selected in the study 
area  
Table 4.5 Main aquifer properties of the study area   
Table 4.6 shows the average yield of wells in the study area 109  Table 4.7 Major aquifer characteristics of Adigrat sandstone in Jigjiga well 
field (S  
Table 4.8 Major aquifer characteristics of Hamanlei limestone in Baka, Kabribayeh and Gunagado wells  Table 4.9 Major aquifer characteristics of Alluvial deposits in upper Fafen and Jarer areas  Table 4.10 Rainfall infiltration factor for the study area by WWDSE (2003) 
120 
Table 4.11 Calculation of recharge for Fafen basin based on Rainfall 
Infiltration f 122 
Table 4.12 Calculation of recharge for Jarer basin based on Rainfall 
122 
Table 4.13 Concentration of the major ions in ppm of selected Boreholes of the study area  Table 4.14 Concentration of the major ions in ppm of selected Hand dug  Table 4.15 Physico-chamical properties of calculed water samples  
XV  
Table 4.16 Physico-chemical properties of calculed water samples for Hand dug wells    Table: 4.17 Classification scheme for water based on the total dissolved 139 Table 4.18 Total hardness in the study area (Based on Sawyer and McCarly 1967) 42 Table 4.19.shows the average value of PH, EC and TDS of groundwater 43 Table  Table 4.20.The value of the concentration of the major Ions  Table 4.21 Concentration of the Major ions in epm of selected BHs of the study area  Table 4.22 Concentration of the Major ions in epm of selected HDWs of the study area .157  Table 4.23 showing Rock-water interaction of Ionic Ratios 172 
Table 4.24 Guideline values for drinking wat ..190 
Table 4.25 Comparison of groundwater quality with FAO Guidelines for 
292 
Table 4.26: Irrigation suitability based on sodium hazard (USSL 1954) 3 Table 4.27: Salinity and sodium hazard for Irrigation water (USSL 1954) 
195 
 
 
 
 
 
 
XVI  
 
 
 
LIST OF FIGURES AND PLATES: 
1- PLATES 
Plate 4.1 Metamorphic formation injectd by quartz veins along the road 
60 
Plate 4.2 highly fractured amphibolite/ biotite rock found to occur at the 
eastern foothill of Karamara Mountain range, its directions is NE (UTM 
256339 m E and 1038376 m N) 62 
Plate 4.3 Poorly consolidated and unsorted Adigrat/Lower sandstone 
formations consisting of mudstone and siltstone, Sheik Algure area south of 
Jijiga (UTM coordinates 257999E and 1031140N).  
Plate 4.4 Cross-bedding with current direction towards north is 
encountered in sandstone exposed along Jerer valley south of Deghabur 
 
Plate 4.5 apparently folded coarse-grained sandstone and intermingled 
mudstone and sandstone layers, Jerer River, south of Degahbur town 
68 
Plate 4.6 Hamanlei limestone containing abundant macro-fossils exposed 
(a) along Harer  Jijiga road cut, (b) north of jijiga Teferi Ber road 
69 
XVII  
Plate 4.7 Bedded oolitic/pisolitic limestones intercalated with thin beds of 
marly limestone, Susabani nearby Hamanlei type locality 
70 
Plate 4.8. (a) Shale, mudstone and gypsiferous limestone; (b) exposure of 
macro-fossils in Urandab unit, mainly mudstone, observed at Sandihille 
locality to the right side of Sasabane stream at about 22 km from Degahbur 
town (340591 mE & 906617 mN) 71 
Plate 4.9 Aphanitic basalt outcrops forming outstanding hillock and 
showing less regular columnar jointing at Karamara range (UTM 247256 mE 
73 
Plate 4.10 Inter-layered basalt and sandstone (the front hillock) in road cut 
along Harer  Jijiga road, Karamara mountain range (UTM 247176 m E and 
75 
Plate 4.11 Jessoma Sandstone at quarry site, Haroressa area (261860m E 
and 1038466mN)......................................................................................76 
Plate 4.12 Fractured Jessoma Sandstone at the quarry site of Haroressa area (261858 m E and 1038464m N). .......................................................76 
Plate 4.13 Listric normal fault trending almost east-west in meta-gabbro, 
about 2km from Fafen river on Harar Jijiga road (235783m E and 
..........................79 
Plate 4.14 Precambrian basement rocks immediately underlying the 
Mesozoic sedimentary succession, eastern side of Karamara mountain 
range (UTM coordinate 254083 m E and 1029678 mN), showing NW 
trending shear zone. Another structure which is less prominent trending 
XVIII  
N24E cross-cut the former (see geological hammer aligned parallel the 
80 
Plate 4.15 Fractured and horizontally bedded oolitic/pisolitic limestone 
exposed at Sasabane area nearby Hamanlei type locality NW direction 
82 
Plate 4.16 Mud cracks in mudstone interbedded with quartzose Jessoma 
sandstone, southwest of Kebribeya (UTM 28336 m E and 997084 m N) .83 
Plate 4.17 Normal faults as observed in the Mesozoic sedimentary rocks, 
exposed at the foot of Karamara range in Harar-Jijiga road cut 
84 
Plate 4.18 Hard pan caliche/calcrete occurring ubiquitously covering the 
86 
Plate 4.19 Close up view of basaltic dyke and layer/sill in sandstone 
outcrop, in Harar road cut across Karamara mountain range (UTM 247286 
mE and 1035763 mN 87 
Plate 3.20 Jerer dry river bed during rainy season, downstream the Kaho 9  FIGURES 
Figure 2.1 Location map of the s 12 
Figure 2.2 Drainage pattern map derived from ( Ethio-Shape) 14 
Figure 2.3 Geomorphologic map derived from (Ethio-Shape) 
16 
Figure 2.4 Land Use/ Land Cover map derived from ethio land 
17 
XIX  
Figure 2.5 Soil Type Distribution Map (after FAO-UNESCO, 1973), source: 
(MoA) 21 
Figure 2.6 Rainfall pattern of the stud 27 
Figure 2.7 Mean monthly temperature of the study area 
29 
Figure 2.11 Thiessen polygon of the study area and locations of 
meteorological stations 
32 
Figure 4.1 ...57 
Figure 4.2 Geological cross  section along A  study ar .58 Figure 4.3 Geological cross  section along B  study ar .59 
Figure 4.4: Location maps of Boreholes and Hand dug wells  
Figure 4.5 100 
Figure 4.6 Drawdown versus time graph of  
Figure 4.7 Drawdown versus time graph of  
Figure 4.8 Drawdown versus time grap  
Figure 4.9 Drawdown versus time graph of  
Figure 4.10 Drawdown versus time graph of  
Figure 4.11 Drawdown versus time graph of  
Figure 4.12 Drawdown versus time grap 114 
Figure 4.13 Drawdown versus time graph of C 114 
Figure 4.14 Drawdown versus time graph of 115 
XX  
Figure 4.15 Drawdown versus time graph of 116 
Figure 4.16 Drawdown versus time graph of Const  
Figure 4.17 Schematic diagram of hydro geologic framework of the study 
area. Thick arrows represent general groundwater flow direction. Thin 
arrows represent components of groundwater recharge. Width of arrows 
represents general amount of flow, (Gachet, 2 126 
Figure 4.18 Water sampling points  Fig 4.19 the average values of pH i 7 Fig 4.20 the average values of EC in the study area  
Fig 4.21 the average values of TDS in the study area  Figure 4.22 Piper plots of the Fafen and Jerer River Valleys showing the water types of the groundwater from the Alluvial deposits  Figures 4.23 and 4.24 Schoeller diagrams of Fafen and Jerer Valleys showing the dominant cations and anions in the groundwater from the alluvial   Figure 4.25 Piper plots of the Fafen and Jerer River Valleys showing the water types of the groundwater from the Adigrat sandstone  
Figures 4.26 and 4.27 from Schoeller diagrams of Fafen and Jerer Valleys showing the dominant cations and anions in the groundwater from the   
Figure 4.28 Piper plots of the Fafen and Jerer River Valleys showing the water types of the groundwater from the Hamanlei limestone  
Figure 4.29 Schoeller diagrams of Fafen and Jerer Valleys showing the dominant cations and anions in the groundwater from the Hamanlei   
Figure 4.30 Piper plots of the Fafen and Jerer River Valleys showing the water types of the groundwater from the Basement rocks  
XXI  
Figurers 4.31 and 4.32 from Schoeller diagrams of Fafen and Jerer Valleys showing the dominant cations and anions in the groundwater from the   
 
4.9 Figure 4.33 Piper plots of the Fafen and Jerer River Valleys showing the water types of the groundwater from the Alluvial deposits aquifer of hand dug wells 67 
Figure 4.34 Schoeller diagrams of Fafen and Jerer Valleys showing the   Figure 4.35 Schoeller diagrams of Fafen and Jerer Valleys showing the dominant cations and anions in the groundwater from the Basalt rock aquifer   Figure 4.36 Scatter diagrams of Cation exchange for Alluvial depostis 
 
Fig 4.37 Scatter diagrams of Cation exchange for Adigrat sandstone  
Fig 4.38 Scatter diagrams of Cation exchange for Basement rocks 180 Fig 4.39 Scatter diagrams of Cation exchange for Hmanlei limestone 181 Figure 4.40 Scatter diagram of Silicate weathering for Alluvial deposits  Fig 4.41 Scatter diagrams of Dissolution Ion concentrations with TDI for 183 Fig 4.42 Scatter diagrams of Dissolution of Ions concentrations with TDI for 184 Fig 4.43 Scatter diagrams of Dissolution of Inons with TDI for Basement rocks  Fig 4.44 Scatter diagrams of Dissolution of Ions concentrations with TDI for 186 Fig 4.45 Scatter diagram of Evaporation for Alluvial deposits  Fig 4.46 Scatter diagrams of Evaporation for Adigrat sandstone 188 Fig 4.47 Scatter diagrams of Evaporation for Basement rocks 188 Fig 4.48 Scatter diagrams of Evaporation for Hmanlei limestone ...189 Figure 4.49 Wilcox Diagram for classification of irrigation wate 195 
XXII  
 
 
 
LIST OF Appendices: 
Appendix 4.1  
Appendix 4 216 
Appendix 4  
Appendix 4  
Appendix 4 226 
Appendix 4 229 
Appendix 4  
Appendix 4 .235 
Appendix 4 .237 
Appendix 4 .239 
Appendix 4.11 .241 
Appendix 4.1 .244 
Appendix 4.13 245 
Appendix 4.1 .246 
Appendix 4.1 247 
Appendix 4.1 ..247 
Appendix 4.1 7 
 
XXIII  
 
  
List of Acronyms  
AET - Actual Evapotraspiration  
APWL - Accumulated potential water loss  
BH- Borehole  
EC - Electrical Conductivity  
FAO - Food and Agricultural Organization.  
GIS - Geographical Information System  
HDW- Hand Dug Well  
ITCZ - Inter Tropical Convergence Zone  
JICA- Japan International Cooperation Agency  
MCE- Mesfin Consulting Engineers  
NMA- National Metrological Agency  
MoA - Ministry of Agriculture 
P - Precipitation  
PET - Potential Evapotraspiration  
pH - Negative of the logarithm to the base ten of the hydrogen ion 
concentration.  
RTI- Radar Technology International  
SAR - Sodium Adsorption Ratio  
SHAAC- SHAAC Engineering PLC.  
SMD - Soil moisture deficit  
SRWRDB- Somali regional water resources Development bureau  
SWWDSE  Somali water works Design and Supervision enterprise  
TDS - Total Dissolved Solids  
UNESCO - United Nations Educational Scientific and Cultural Organization  
UNICEF-  
UTM -Universal Transverse Mercator  
WAPCOS - Water and Power Consultancy Service (India) Ltd  
WHO - World Health Organization  
XXIV  
WWDSE- Water Works Design and Supervision Enterprise. 
 
 
